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Objectives: to establish the incidence of graft stenosis in a large population of patients undergoing femorodistal bypass
procedures and to investigate the differences in incidence between individual surgical centres and other subpopulations.
Patients and methods: a total of 277 patients with femorodistal bypasses underwent duplex scanning of vein grafts for
12 months for the detection of graft stenoses. A standard definition of a significant stenosis was used in all twenty
participating centres.
Results: overall stenosis rate was 27%. Stenoses were more common in composite vein grafts (43%) than in single
segment vein grafts (25%) p=0.05. Stenoses were more common in female patients (38%) than males (22%) p=0.02.
Stenosis rates in individual centres entering more than 20 patients varied from 9% to 56%. In a multiple regression
analysis only aspirin use, sex and centre were significant factors predicting the likelihood of graft stenosis.
Conclusion: female patients, those taking aspirin and patients with composite vein grafts appear to be more at risk of
graft stenosis, but this does not fully explain wide variations in the incidence of stenoses reported by individual centres.
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Introduction from randomised studies of the effect of surveillance
on patency have not been consistent.10,11 The duplex
A major contributor to the failure of venous distal ultrasound equipment necessary for scanning vein
grafts along their entire length for stenoses has nowbypass grafts is the development of neointimal hy-
perplasia resulting in stenosis of the graft. First re- become standard in most departments performing
femorodistal bypass procedures, but vein graft sur-ported in 1973,1 this reduces the luminal diameter and
volume of blood flow through the graft, threatening veillance is not routine at all hospitals and its regular
application is dependent on the willingness of patientsthe improvement in clinical symptoms and increasing
the likelihood of thrombotic occlusion of the graft. to return for regular follow-up to a department where
this facility is available.Duplex scanning of grafts as a means of detecting
stenoses early has been reported in both in situ and A multicentre study in patients undergoing femoro-
distal bypass procedures provided the opportunity toreversed saphenous vein grafts.2–5 However, there is
considerable variation in the incidence of vein graft establish the incidence of graft stenosis in a large
population of such patients and to investigate thestenosis reported in different studies.6
The value of early identification of a stenosis is that differences in incidence between individual surgical
centres and other subpopulations.12it allows remedial action to be taken in the form of a
percutaneous dilatation or surgical intervention before
graft occlusion occurs.7 Regular surveillance of grafts
has therefore been advocated as a means of reducing
Material and Methodsthe number of bypasses occluding and obtaining a
higher patency rate in the long term.8,9 Recent data
Two hundred and seventy-seven patients entered into
the multicentre study in femorodistal bypass pro-
∗ Please address all correspondence to: H. R. Watson, Searle Euro- cedures underwent surveillance of vein grafts. Thesepean Clinical R&D, Immeuble Elyse´es-La De´fense, 7 place du Doˆme,
92056 Paris-La De´fense cedex, France. represented 81% of the eligible patients with vein
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Table 1. Location of haemodynamically significant stenoses in Table 2. Time of detection of haemodynamically significant sten-
oses in vein grafts.vein grafts.
Location No. of stenoses (%) Time of detection No. of stenoses (%)
n=91n=91
Proximal 26 (29) 6 weeks 16 (18)
3 months 35 (38)Mid-graft 21 (23)
Distal 43 (47) 6 months 15 (16)
12 months 24 (26)Not recorded 1 (1)
Not recorded 1 (1)
grafts. The proximal anastomosis was proximal to the
popliteal in 93% of patients. The distal anastomoses
were to single tibial vessels in 90% of cases and were Table 3. Frequency of graft stenoses by sex and graft procedure.
evenly distributed between the upper, mid and lower
Grafts with stenoses (%)thirds of the vessels. Two grafts were anastomosed to
the dorsalis pedis. Forty-three patients received vein- Graft material Males Females All patients
to-vein composite grafts with a single vein-to-vein
In situ vein 28/135 (21) 21/62 (34) 49/197 (25)anastomosis. Sources of vein were lesser and greater Reversed vein 6/38 (16) 6/12 (50) 12/50 (24)
saphenous vein, basilic vein and cephalic vein ac- Composite vein 7/17 (41) 6/13 (46) 13/30 (43)
cording to availability. All grafts 41/190 (22) 33/87 (38) 74/277 (27)
Surveillance was performed by duplex scanning
over the whole length of the graft at 6 weeks, 3 months,
6 months and 12 months after surgery. A common
definition of a haemodynamically significant stenosis anastomosis (Table 1). Sixty-one patients had one sten-
was used at all centres: one in which the flow velocity osis, 10 patients had two stenoses, two patients had
at its greatest, V2, is at least twice as high as the flow three stenoses and one had four stenoses. The largest
velocity at its lowest point within 2 cm, V1: that is, number of stenoses were detected in the first 3 months
V2/V1[2.0. This corresponds to a [50% decrease in after surgery, but new stenoses continued to be found
luminal diameter. up to 12 months (Table 2).
Each stenosis identified was classified by location The majority of patients (53%) found to have a
as in the region of the proximal or distal anastomosis significant stenosis did not undergo any intervention
or mid-graft. Number of stenoses per graft and time in the graft in question and still had primary patency
of first identification of the stenosis were recorded. of the graft at the time of last recorded follow-up. This
All patients were followed for 12 months after was at 12 months, except where the patient died or
femorodistal bypass surgery. Outcome was classified underwent major amputation in the intervening period
as primary, assisted primary or secondary patency, between identification of the stenosis and the com-
occluded, major amputation or death. Primary patency pletion of 12 months’ follow-up. Fifteen patients (20%)
was defined as patency without interruption or inter- underwent successful dilatation of a vein graft stenosis
vention in the relevant leg after the initial operation. or other surgical intervention prior to graft occlusion
Major amputation was any amputation performed and still had a patent graft without interruption at 12
above the ankle. months (assisted primary patency). A further four
Data were analysed according to the surgical pro- patients (5%) with stenoses detected by surveillance
cedure used. Statistical comparisons of proportions successfully underwent other surgical interventions
were performed with the Chi-squared test. In- to restore patency only after occlusion (secondary
dependent variables associated with the likelihood of patency). Grafts in 16 patients (22%) with a stenosis
graft stenosis were identified by multiple regression remained occluded.
analysis. Statistical significance was defined as = Investigation of the results by graft material sug-
0.05. gested that the proportion of scanned grafts found to
develop stenoses was higher in composite vein grafts
compared to single segment vein grafts (p=0.05) (Table
3). Stenoses were significantly less common in malesResults
(22%) than in females (38%) (p=0.02), due to a lower
frequency in males who had single segment vein grafts,Ninety-one haemodynamically significant stenoses
were detected in 74 vein grafts. Of these, the largest whereas the frequency was similar in composite vein
grafts.proportion (47%) were in the region of the distal
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Fig. 1. Incidence of graft stenoses by sex and diabetic status. Per-
centage and 95% CI. (Ε) Diabetic; (Φ) non-diabetic. Fig. 2. Relationship of incidence of stenoses by centre to percentage
of patients with composite vein grafts. Bubble diameter is pro-
portional to number of patients scanned at each centre.
Table 4. Incidence of vein graft stenoses by centre. Only centres
including at least nine patients are listed.
Centre No. of No. of No. of No. of
patients patients female patients
scanned with patients (%) with
stenoses (%) composite
vein grafts
(%)
2 15 3 (20) 3 (20) 0 (0)
3 24 8 (33) 8 (33) 5 (21)
5 41 23 (56) 17 (41) 9 (22)
8 33 12 (36) 10 (29) 6 (18)
9 9 2 (22) 4 (44) 2 (22)
12 66 6 (9) 17 (26) 1 (2)
13 14 1 (7) 6 (43) 0 (0)
18 9 2 (22) 1 (11) 1 (11)
19 18 4 (22) 8 (44) 5 (28)
20 13 4 (31) 6 (46) 0 (0) 0 20
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Fig. 3. Relationship of incidence of stenoses by centre to percentage
of patients who were female. Bubble diameter is proportional to
number of patients scanned at each centre.
No significant differences were found in the in-
cidence of graft stenoses between diabetic and non- composite vein grafts (Table 4, Fig. 2) and femalediabetic patients included in the surveillance pro- patients (Table 4, Fig. 3). Multiple regression analysisgramme (Fig. 1). The higher stenosis rate in females indicated that aspirin use (p=0.02), female sex (p=was statistically significant only in diabetic patients 0.03) and centre (p=0.04) were significant independent(p=0.04). Use of anticoagulant medication was not predictors of graft stenosis, but that use of compositeassociated with the incidence of stenoses and did not vein (p=0.06) and diabetes (p>0.2) were not.differ between males and females. However, graft
stenoses were more common amongst patients taking
aspirin (35%) than amongst those not taking aspirin
(20%). Discussion
Although 27% of the vein grafts scanned were found
to have haemodynamically significant stenoses, the These data from a large multicentre study show that
although the incidence of haemodynamically sig-percentage of those scanned having stenoses in each
centre varied from 7% to 56% in the 10 centres in- nificant vein graft stenoses was within the range de-
scribed in a review of published studies,6 the incidencecluding nine or more patients, the median being 22%
(Table 4). Some of the centres with the highest incidence varied widely from centre to centre. The proportion
of grafts found to have stenoses in single-centre studiesof stenosis also included the highest proportions of
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over the first 12 months after surgery has varied from ditionally, the increased handling during surgery, extra
anastomosis and duration of surgery may be factors.14% in one study13 up to 46% in another study14 in
A greater incidence of stenoses in composite graftswhich different techniques were used and similar
compared to monografts has also been reported pre-variations were found between centres in this multi-
viously in a smaller series,13 but in another largecentre study. The differences in reported vein graft
series it was not found to be statistically significantlystenosis rates may be due to several factors: the com-
associated with the development of a stenosis.15pleteness in surveillance follow-up, the definition of a
The higher incidence of vein graft stenoses foundhaemodynamically significant stenosis, differences in
in female patients has not been reported previouslyultrasound equipment, the experience of the vascular
and was particularly apparent amongst diabeticlaboratory technician, differences in grafting technique
patients. This may be linked to the use of compositeand the selection of patients and vein segments for
vein grafts in female patients in this study. How-use.
ever, in single segment grafts alone, there was still anSince the definition of a haemodynamically sig-
excess of stenoses amongst female patients relative tonificant stenosis is sometimes not stated in pub-
males. The higher incidence in patients taking aspirinlications, the importance of this as a cause of the
has also not been reported previously and is a mostdisparity between results from different studies is
unexpected finding. However, a recent study of infra-difficult to assess, but in this study all centres used
inguinal grafts has suggested that vein graft failure isthe same definition. More difficult to standardise was
more common in patients taking aspirin than in thosethe completeness in surveillance follow-up. Although
taking oral anticoagulants.19none of these patients was lost, missed examinations
Vein quality has been proposed as an importantcould have contributed to the lower than expected factor in the origin of graft stenoses and this would
stenosis rate at some centres. Duplex surveillance re- be consistent with the results of this study. Pre-existing
mains quite elaborate, and although many centres have abnormalities could explain the focal nature of graft
accepted the principle, adherence to a strict protocol neointimal hyperplasia,16 and the use of composite
requires a very serious approach to surveillance. As vein–vein grafts in patients with poor quality veins
quality control is not yet introduced in Europe, it may could explain the higher incidence of stenoses found
be assumed that scheduled visits are often not kept after these procedures. The weight of evidence sug-
on time, or are not kept at all. gests that venous disease is more common in women17
Differences in the ultrasound equipment used at the and, in view of the higher incidence of stenoses found
different centres might contribute to the variation in in women, this is also consistent with the vein quality
the numbers of stenoses found, but as most modern hypothesis. Differences in what is considered a usable
scanners are calibrated, this should not be a major vein could be a significant factor in explaining the
factor. In the continuing absence in Europe of a process inter-centre differences in incidence of stenoses found
for certifying both the vascular technicians and vas- in this trial. In addition to the question of venous
cular laboratories, however, differences in the level of disease, vein diameter15 and the use of additional
their experience may play a role in the different results techniques such as angioscopy in some centres may
between centres. The results of this study indicate that have influenced individual centre results. Techniques
additional sources of inter-centre differences may lie for the assessment of vein quality prior to grafting are
in the proportion of female patients included, use still being developed and unfortunately there is no
of aspirin and the more frequent use of composite standardised system for quantifying it at present.18
In summary, female patients, particularly diabetics,vein–vein grafts in certain centres. However, the centre
those taking aspirin and patients receiving compositewhere the patient was operated on remained a sig-
vein grafts appear to be more at risk of graft stenosis.nificant independent variable in the regression analysis
Applying a common definition of a haemodynamicallyperformed, which may suggest that differences in
significant stenosis in a multicentre study revealed thatqualifications and experience of vascular technologists
stenosis rates varied considerably between vascularand vascular laboratories might have been of particular
surgical centres. A likely explanation is differenceinfluence.
in experience with vascular laboratory surveillanceThere are several possible explanations for a greater
techniques using duplex.incidence of stenoses in composite vein grafts. Two
shorter segments of vein are used when no long seg-
Acknowledgementment of vein of sufficient quality is available. The
shorter segments found to be usable in this situation This paper resulted from analysis of data generated by the Iloprost
Bypass International Study Group, members of which were listedmay therefore also be of less than ideal quality. Ad-
Eur J Vasc Endovasc Surg Vol 20, July 2000
Stenoses in Femorodistal Bypass Vein Grafts 71
in the publication of the main study results.12 The authors would radiology in the maintenance of infrainguinal vein graft patency.
Br J Surg 1993; 80: 187–193.like to acknowledge the contribution of all of the participants.
10 Lundell A, Lindblad B, Bergqvist D, Hansen F. Femoro-
popliteal-crural graft patency is improved by an intensive sur-
veillance program: a prospective randomised study. J Vasc Surg
1995; 21: 26–34.
11 Ihlberg L, Luther M, Tierala E, Lepa¨ntalo M. The utility of
duplex scanning in infrainguinal vein graft surveillance: results
from a randomised controlled study. Eur J Vasc Endovasc SurgReferences
1998; 16: 19–27.
12 Iloprost Bypass International Study Group. Effects of peri-
1 Szilagyi DE, Elliott JP, Hageman JH et al. Biologic fate of operative iloprost on patency of femorodistal bypass grafts. Eur
autogenous vein implants as arterial substitutes. Ann Surg 1973; J Vasc Endovasc Surg 1996; 12: 363–371.
178: 232–246. 13 Tønnesen KH, Holstein P, Rørdam L et al. Early results of
2 Bandyk DF, Cates RF, Towne JB. A low flow velocity predicts percutaneous transluminal angioplasty (PTA) of failing below-
failure of femoropopliteal and femorotibial bypass grafts. Surgery knee bypass grafts. Eur J Vasc Surg 1998; 15: 51–56.
1985; 98: 799–809. 14 Brennan JA, Walsh AKM, Beard JD, Bolia AA, Bell PRF. The
3 Mills JL, Harris EJ, Taylor LM, Beckett WC, Porter JM. The role of simple non-invasive testing in infra-inguinal vein graft
importance of routine surveillance of distal bypass grafts with surveillance. Eur J Vasc Surg 1991; 5: 13–17.
duplex scanning: a study of 379 reversed vein grafts. J Vasc Surg 15 Idu MM, Buth J, Hop WCJ et al. Factors influencing the de-
1990; 12: 379–389. velopment of vein-graft stenosis and their significance for clinical
4 Grigg MJ, Nicolaides AN, Wolfe JHN. Femorodistal vein management. Eur J Vasc Endovasc Surg 1999; 17: 15–21.
bypass graft stenoses. Br J Surg 1988; 75: 737–740. 16 Panetta TF, Marin ML, Veith FJ. Unsuspected pre-existing
5 Taylor PR, Wolfe JHN, Tyrrell MR et al. Grafts stenosis: saphenous vein disease: an unrecognised cause of vein bypass
justification for 1-year surveillance. Br J Surg 1990; 77: 1125–1128. failure. J Vasc Surg 1992; 15: 102–112.
6 Golledge J, Beattie DK, Greenhalgh RM, Davies AH. Have 17 Callam MJ, Ruckley CV. The epidemiology of chronic venous
the results of infrainguinal bypass improved with the widespread disease. In: Tooke JE, Lowe GDO, eds. A Textbook of Vascular
utilisation of postoperative surveillance? Eur J Vasc Endovasc Medicine. London: Arnold, 1996: 562–579.
Surg 1996; 11: 388–392. 18 Stansby G. Vein quality in vascular surgery. Lancet 1998; 351:
7 Nielsen TG. Natural history of infrainguinal vein bypass sten- 1001–1002.
oses: early lesions increase the risk of thrombosis. Eur J Vasc 19 BOA Study Group. Efficacy of oral anticoagulants compared
with aspirin after infrainguinal bypass surgery (The Dutch By-Endovasc Surg 1996; 12: 60–64.
pass Oral anticoagulants or Aspirin study): a randomised study.8 Moody P, Gould DA, Harris PL. Vein graft surveillance im-
Lancet 2000; 355: 346–351.proves patency in femoropopliteal bypass. Eur J Vasc Surg 1990;
4: 117–121.
9 London NJM, Sayers RD, Thompson MM et al. Interventional Accepted 29 February 2000
Eur J Vasc Endovasc Surg Vol 20, July 2000
